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Tetralogy of Fallot is the most common form of cyanotic 
congenital heart disease. Although primary intracardiac re- 
pair for tetralogy of Fallot currently has an operative mor- 
tality rate as low as 0% to 5% (1,2), the long-term success i
compromised bythe occurrence of late sudden cardiac death 
in pediatric and adolescent patients (3-6). Controversy 
exists as to the cause of sudden death Some investigators 
(4,6) attribute sudden death in these patients o ventricular 
arrhythmias and tachyarrhythmias (7). Other investigators 
(8,9) suggest that heart block secondary to intracardiac 
repair may contribute osudden death. 
To date, most of the follow-up studies in patients with 
repaired tetralogy f Fallot have involved children or ado- 
lescents. The long-term follow-up findings for this operation 
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in adults are less established and may d&r significantly 
from those in younger patients. 
Accordingly, we followed up a cohort of ISI adult pa- 
tients with repaired tetra ogy of Fallot and p~ospe 
studied their clinical outcome and factors pot 
ing their survival. A palliative procedure ( 
patients, Potts in 2 and Waterston i 3) had been performed 
in 84 patients (56%) before repair. We performed serial 
noninvasive studies to evaluate the prognostic value of 
previously identified risk factors for sudden death in this 
cohort. Of the 151 patients, a subgroup of 36 patients have 
undergone three sets of noninvasive follow-up studies to 
examine the temporal changes of these variables over a 
significant period of time. 
ts. The Congeniial Cardiac Centre at The 
ospital, University of Toronto follows up adult 
patients with congenital heart disease in the 
Ontario, most of whom are referred 
Sick Children a,ft.er 18 years of age. 
and May 1989, 151 patients were entered in the registry and 
follow-up program for adults with repaired tetralogy of 
Fallot at the Congenital Cardiac Centre. A sn.?bset of 36 
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Table 1. Follow-Up Demographics 
Padents (no.) 
Follow-Up Period Male 
Baseline 87 
3 Yeats 62 
6 Years 19 
Female Total 
64 I51 
48 110 
17 36 
patients (19 male and 17 femalej-from this cohort underwent 
serial testing at baseline ( ntry into the follow-up rogram) 
and at 3 and 6 years after entry (Table I). 
The protocol consisted of 24-h Holter electrocardio- 
graphic (ECG) monitoring, maximal symptom-limited exer- 
cise stress ECG testing, rest and exercise radionuclide 
angiography at 3.year intervals as well as right heart cathe* 
terization during the first follow-up (baseline) study. Patients 
continued to take any required medications during the tests. 
Studies were performed inaccordance with the directives of
the Helsinki Agreement (IO) and written informed consent 
was obtained before all studies. 
C%nical follow-up. Patients were assessed clinically at 
yearly intervals for functional status, symptomatic compli- 
cations, medications and physical examination to rule out 
significant clinical deterioration r changes. 
Right heart catheterization. Right heart catheterization 
was performed by using a Swan-Ganz flotation catheter 
inserted into the pulmonary artery by the right femoral route 
at the time of the initial follow-up (baseline) xamination; 
this study was repeated at later exhrninations only if clini- 
cally indicated. 
Cnrdinc outhit, determined bythe thermodilulion tech- 
nique, was cnlculated as the mean of three consecutive 
measurements a  rest with the use of a dedicated cardiac 
output computer (Electronics for Medicine). Pressures from 
the pulmonary artery wedge position, main and branch 
pulmonary arteries, right ventricle, right atrium and venae 
cnvae were recorded. Intracardiac nd femoral artery blood 
samples were obtained for oximetry to detect residual intra- 
cardiac shunts. 
Ambulatory ECG monitoring. Twenty-four-hour contin- 
uous ambulatory ECG Holter monitoring with modified 
chest leads V, and Vs was performed by using series 4:24 
(oxford Medical Systems) casseit: tape recorders. The 
tapes were analyzed by trained technicians using a Path- 
finder high speed ECG analyzer (Reynolds Medical) to 
quantitate and classify atrial and ventricular ar hythmias. 
Complex ventricidar premature beats or repetitive ven- 
tricukar beats and atrial arrhythmias were categorized (IS 
fillow~: grade 1 =no ventricular p emature b ats; grade 2= 
<3O uniform ventricular p emature b ats/h; grade 3 = 230 
uniform ventricular p emature b ats/h; grade 4 = 530 COU- 
PletS or multiform ventrictJar premature b ats/h; grade 5= 
230 COUplets or multiform premature beats/h; grade 6 = 
ventricular tachycardia (23 consecutive beats, rate 
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Figure 1. Intracardiac surgical procedures performed atthe time of 
the initial corrective operation in the total group of 151 patients. 
More than one procedure was performed in most of the patients. 
2 I 10 beatslmin), and grade 3 = paroxysmal trial tachycar- 
dia and atrioventricular t chycardia. 
616, A treadmill exercise EC6 study usitig he 
Bruce protocol was performed to assess exercise tolerance 
and to detect exercise-induced ventricular arrhythmias. 
Heart rate, blood prcssur~ atid tht: ECG were simulta- 
neously monitored atI-min intervals. Exercise duration amd 
the reason for stopping were recorded. Arrhythmias were 
classified according to morphology and severity. 
Exercise-itrduced arrhythmias were categorized as fol- 
lows: grade 1= uniform isolated ventricular p emature b ats 
increasing in number with exercise: grade 2 = multiform 
ventricular p emsture beats: grade 3 = repetitive couplets, 
an e 4 = ventricular tachycardia. 
nuclide studies. Radionuclide angiography was car- 
ried out by using a standard technique of in vivo technetium- 
99m pertechnetste (25 mL1) labeling of the red blood cell 
pool (I I). Tbe patient performed supine bicycle xercise at 
incremental work loads of 200 kpm every 3 min until 
exhaustion. Ciated equilibrium images were acquired at rest 
and during the latter 2 min ofeach stage of exercise. Left and 
right ventricular ejection fraction at rest and during peak 
exercise load was calculated by using standard commercially 
available software (MDS AZ) system with a semiautomated 
second erivate edge d tection method. Total body expo- 
sure to radiation during radionuclide study was acceptable at 
0.4 rad/25 mCi and the critical organ (erythrocyte) dose was 
1.25 rads/25 mCi. 
Statistical evaluation. All data are presented as the mean 
value + SD. Statistical evaluation f the data was performed 
by analysis of variance with subgroup osthoc multiple 
range testing. Correlation studies were performed by using 
models of linear egression. A p value <0.05 was considered 
significant. 
Clinical outcome of the total group. The study group of 
151 patients entered follow-up at a mean age of 27.5 + 8.7 
years (range 18 to 7i) and at a mean of 14 + 5.7 years after 
initial complete intracardiac repair for tetralogy of Fallot. 
Details of their corrective operation are outlined in Figure 1. 
The mean follow-up interval for the total group is 3.2 years. 
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ipre 2. Repeat iatrac ‘ac surgical procedures perfo 
patients. Six patients ore than one prosedure 
simultaneously at the time of repeat cardiac repair. 
One patient was lost to follow- 
&e patient died at 
tion unrelated toUral 
accident while driving in an intoxicated state and one died in 
hypovolumic shock due tn profuse bl 
esophageal vessels 4days after an operat 
artery conduit. The fo h death was due to pulmonary 
y hypertension second- 
pulmonary artery diastolic pressure was 26 to 32 
pulmonary artery systolic pressure was 85 to 9 
the time of follow-up catheterization. 
orbidity was also quite low in these patients. Seven!een 
patients underwent reoperation after primary repair (Fig. 2). 
Ten patients required pulmonary valve replacement and only 
one required insertion of a pacemaker. There was one case 
of arterial embclism that resulted in the loss of vision from 
one eye. 
Overall, the clinical status of the total study group (n = 
151) was excellent: 129 patients (85%) were in New York 
Heart Association class I, 86 (I 1%) were in class II and 6 
(4%) were in class III; no patient was in class IV. The 
functional status of the subset group (n = 36) remained 
stable during the follow-up eriod (Table 2). 
Table 2. New York Heart Association Functional Class in the 
Subset (n = 36) 
Functional Class 
Follow-Up Period I II 111 
Baseline 32 1 3 
3 Years* 31 2 0 
6 Years? 31 1 0 
*Three patients died before their 3-year follow-up; tone patient died 
before the 6-year follow-up. Data inaicate number of patients. 
Age at time of correclive 5urgery (yr) 
Age at lime of badline sm_iies (yrj 
Years afler operalrorr at tiice of 
baseline studies (no.) 
Range 
4-B 
18-Q 
6-31 
Mean 2 SD 
14.3 t_ 5.4 
29 It 7.4 
14 -c 4.8 
The M$N~_V of patimts did not require medication. 
Serial follow-up revealed that 23 of the 151 patients were 
taking cardiac medica ’ at the time of their baseli 
studies, II of I10 were ng it at the 3-Year follow-up an 
6 of 36 were taking it at the 
4. 5 arsd 6 as ol~lined in the ads section) were treated 
with 21 variety of a~ltiarrhythmic agents. 
sk.bgrouy UT 25 patients ii9 u~a’rr: izd 
followed up over a period f 6.6 2 0.9 years and completed 
three serial sets of prognostic tests: The average age in this 
subgroup atfollow-up was 35.3 t 6.9 years (range 24 to 
The mean age at which the initial total repair was carried 
was 14.3 5 4.4 Years (range 4to 28) (Table 3). 
At present, there is general enthus te 
repair for tetralogy of Fallot at an early Y? 
we sought to correlate he relation between age at operation 
and ventricular fun&n in this subset of 36 patients. A 
negative correlation was seen between age at operation and 
right ventricular ejection fraction during exercise (p = 0.82) 
at 3 years 01’ follow-up and similarly with left 
ejection frariion (p = 0.04) at 6 years of follow-up 
it is too e;,rly to assume any significance from th 
1.e patients reach the ear follow-up stage. 
Wry EGG umorpitori The frequency ofarrhyth- 
mia:; in the subgroup (n = 36) over the follow-up eriod is 
Table 4. Results of Ambulatory Holter Electrocardiographic 
Monitoring: Frequency of Arrhythmias (n = 36) 
Foilow-Up 
Arrhythmia Grade 
- 
I 
2 
3 
4 
5 
6 
7 
Mean 
Baseline 
5 
4 
2 
5 
2 
2 
I 
3.2 
3 Years 6 Years 
2 3 
IO 14 
2 2 
5 0 
2 4 
2 I 
5 4 
3.8 3.3 
-I__ 
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detailed in Table 4. The mean arrhythmia category has 
remained stable during the three series of tests. The majority 
of patients were classified as having rade 3and 4 arrhythmia 
(Table 4). 
Exe&e stress test, The mean exercise duration for the 
total group of patients was 9.3 k 2.7 min using the standard 
Bruce protocol (Table 5). The duration of exercise on the 
treadmill for the 36 patients inthe subgroup did not change 
significantly during the follow-up period (Table 6). The 
frequency with which significant arrhythmias occurred ur- 
ing exercise in the subgroup over the follow-up eriod is 
detailed in Table 7. In the subgroup, the total number of 
patients developing arrhythmias decreased steadily on seria! 
foilow-up; however, the changes were small and id not 
reach statistical significance. 
Radionwcl~de an~~o~raphy. Right and left ventricular 
ejection fraction values for the total group during both rest 
and exercise were within the normal limits for our laboratory 
(Table 5). Right ventricular ejection fraction for the sub- 
grocp during rest and exercise showed steady improvement 
over the follow-up eriod (Table 6, Fig. 3). The exercise values 
are statistically significant when the 3- and 6-year follow-up 
results are compared with the baseline values. Right ventricu- 
lar ejection fraction at rest indicated a trend toward improve- 
ment, but the data were not statistically significant. 
In contrast, left ventricular ejection fraction for the 
subgroup showed aslight deterioration at rest and exercise 
(Table 6, Fig. 4). The 3- and 6-year left ventricular ejection 
fraction values were significantly lower than baseline values. 
However, despite the trend toward a ecrease in left ven- 
tricular ejection fractioa, overall values were within the 
normal limits for our laboratory (right and left ventricular 
ejection fraction at rest ~35% and r55%, respectively). 
In the subgroup, we found no statistically significant 
correlation between the change in ejection fraction and age 
at intracardiac repair, age at the time of follow-up or 
duration of exercise, 
CwndiOpUlmOnary bypass time for 10 of the 36 patients in
the subgroup was available and correlation studies compar- 
ing bypass time with ventricular function revealed no signif- 
icant correlations. 
W&t heart ~t~eteri~~t~~~. Right heart catheterization 
showed that he most common abnormal sequelae of intra- 
Table 5. Exercise Duration a d Right and Left Ventricular 
Qection Fraction i the Total Study Group (n = 151) 
Mean 2 SD 
Exercise duration on stress testing (min) 9.3 * 2.1 
RVEF on radionuclide angiography (%) 
Rest 34.7 + 10.3 
Exercise 34.7 k 12.3 
LVEF on radionuclide angiography (%) 
Rest 58.5 + 11.4 
Exercise 62.8 + 12.9 
LVEF and RVEF = left and right ventricular ejection fraction, respec- 
tively. 
Table 6. Exercise Duration and Right and Left Ventricular 
Ejection k-action in the Subgroup (n = 36) 
Follow-Up 
Baseline 3 Years 6 Years 
Exercise duration on stress 9.9 f 2.8 8.1 + 2.5 8.9 + 3.0 
testing (min) 
RVEF on radionuclide 
angiography (%) 
Rest 33.5 ?: 10.2 34.6 + 9.1 38.3 _’ 9.5 
Exercise 28.7 tt 10.4 36.0 + 11.9* 40.3 + 12.7* 
LVEF on radionuclide 
angiography (%) 
Rest 62.9 + 12.0 55.3 I 9.2t 54.8 + 8.5? 
Exercise 65.7 I 12.0 58.0 + 12.0$ 58.0 z!z 9.4$ 
*p = 0.001; tp = 0.003: Sp = 0.015 versus baseline. Abbreviations as in 
Table 5. All data are mean values + SD. 
cardiac repair were moderate pulmonary regurgitation a d 
mild pulmonary stenosis. The mean right ventricular outflow 
tract gradient was 16.8 + 12 mm Hg. The average cardiac, 
index was adequate at 3 Z?Z 0.91 literslmin. There was 
minimal evidence of residual shunting; shunts h 1.5 were 
considered significant, with left to right shunting detected in
10 patients with an average shunt size of 2: 1 (range I .5 to 
3.1). No patient had a right o left shunt. Fulmonary artery 
pressures in most patients were normal, with an overall 
mean pulmonary artery pressure of14.1 * 4. I mm Hg for the 
total group of 151 patients. Twenty-six patients had mild 
pulmonary hypertension, defined as pulmonary artery pres- 
sure >30/15 mm Hg; only one patient a pulmonary 
artery systolic pressure >50 mm Hg. 
ssio 
Comparison of orbidity and mortality with 
studies of tetralogy ofFaliot. In our study, there was a low 
morbidity rate, which may be related to our policy of early 
aggressive tr atment and correction ofhemodynamic abnor- 
malities, allowing patients to have minimal activity limita- 
tions with few residual symptoms. The low rate may also 
reflect the natural history of patients with corrected tetralogy 
of Fallot who reach adulthood. 
Currently published data (12) on the follow-up of patients 
who have had intracardiac repair for tetralogy of Fallot 
Table 7. Frequency of Arrhythmias Recorded on Exercise 
Electrocardiographic Monitoring inthe Subgroup (n= 36) 
Follow-Up 
Arrhythmia Grade Baseline 3 Years 6 Years 
I 0 I 2 
2 2 0 1 
3t4 7 7 3 
AU mades 9 8 6 
Data indicate number of patients. 
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e 3. Right ventrAar ejection fraction measured by radionu- 
angiograpir; at rest and during exercise over the folallow-up 
period (mean -I- SQj. A statistically significant i crease il?ejection 
fraction is seen during exercise at the 3- and 6-year follow-up 
(p = 0.001). A trend toward an increase in ejection fraction 
rest is seen but is not statistically significant. 
shows that 90% will live to age 15 years, and it is estimated 
that 70% will live to age 30 years, Our follow-up data su 
that tRe overall mortality rate is low for patients with 
repaired tetralogy of Fallot who have reached 1X years of 
age. Our mortality rate from all causes was lower than 
9 death/patient-year). Fu~bermore, the cause 
of death in two patients was not related to the heart and there 
-were no sudden cardiac deaths. 
There may be several important reasons for the low 
mortality rate observed inour adult patients. First, it is likely 
that the natural history of postoperative tetralogy ofFallot is 
such that patients with significant hemodynamic abnormali- 
ties will die first, followed by those with death due to 
arrhythmias. Patients who survive to 30 years of age will 
Left ventricular ejection fraction measured by radionu- 
elide angiography at rest and during exercise over the follow-up 
period (mean + SD). A statistically significant decrease in ejection 
fraction (BF) is seen at rest (p = 0.003) and during exercise (p= 
0.015). 
100 
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arrhythmias nd conduction defects was low and that it 
7). This observation s in agree- 
sh et al. (W, who found no late 
rrhythmias on 24-h Helter 
that the observed arrhyt 
were stable over time in these patients and showed no 
deterioration (Tab1 
arrhythmias may lose significance a marker of suddec 
death after total repair asthe patie rows into adulthood. 
Our results differ from those of ot foollow-up studies of 
younger patients for several reasons. 
study group and the interval after c ctive intracardiac 
repair. All patients inour study were adults and the ventric- 
ular arrhythmias nd sudden death that were frequent inthe 
younger age group no longer ad the same prevalence. In our 
previous follow-up study, urns et al. (13) showed that 
arrhythmias in these patients were mainly related to hemo- 
dynamic abnormalities. Tr atment of correctable h mody- 
namic abnormalities may have led to a decrease in the 
number of arrhythmias. Finally, the natural history after 
total repair may be such that the stability of rhythm im- 
proves as the years after epair increase. 
Exercise clarati~_?n and exerei~-induced arr 
ercise intolerance after intracardiac repair has been asso 
ated with poor results (14-17). In contrast, our patielits h 
good exercise tolerance and functional status, which proba- 
bly also contributed to their favorable outcome. 
Furthermore, in our subgroup of 36 patients, exercise 
tolerance also did not change significantly over time (Table 
B), suggesting a stable vel of cardiopulmonary daptation. 
This observation is compatible with our patients’ generally 
active life-style, with several performing a regular exercise 
program. 
Exercise-induced arrhythmias were infrequent and their 
rate did not change during the follow-up period. 
~ent~~cw~ar ~ ~~t~o~. In our subgroup of 36 patients, 
serial ventricular function studies showed an improvement 
in right ventricular ejection fraction during exercise and a 
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~10~ but definite decrease in left ventricdar ejeCtiOn ikiCti0n 
during both rest anti exercise over the follow-up eriod (Fig. 
4 and 5). These findings differ from those of Reduto et al. 
(18), whose patients demonstrated abnormal right ventricu- 
lar performance at rest and exercise and a normal left 
ventricular performance and exercise reserve: however, 
their study was performed only once and therefore did not 
address erial changes over time. Rosing et al. (1% ais0 
found normal eft ventricular performance and exercise 
reserve, Our study did not demclnstrate left ventricular 
dysfunction; however, long-term trends indicate that, in 
contrast to right ventricular ejection fraction, left ventricular 
ejection fraction may continue to decrease with time. 
This observation may be attributed tothe comparatively 
older age of our study patients (mean 28 years; range 18 to 
42). It is known (20) that left ventricular ejection fraction 
gradually decreases a patients age. The average age in the 
study of Redut0 et al. (18) was 10 years (range 1to 16). 
In contrast, Borow et al. (21) found latent left ventricular 
dysfunction on postoperative catheterization 1 year after 
repair, but the patients were in the pediatric age group. 
Using cineangiographic techniques, Jarmakani et al. (22) 
also found depressed left ventricular ejection fraction at rest 
in patients both before and after epair of tetralogy ofFallot. 
These studies uggest that he two contracting ventricles are 
interdependent with respect to cardiac function and that he 
presence ofleft ventricular dysfunction may be related to the 
alteration of right and left ventricular geometry and coordi- 
nation of the two ventricles during contraction. 
The controversy regzrding ventricular function in pediat- 
ric patients (18-22) probably results from the incomplete 
adaptation of the young heart to the surgically induced 
correction. When these patients reach adulthood, the ven- 
tricles may reach a new functional level. The improvement 
in the right ventricle could be attributed to the corrective 
operation that removes right ventricular pressure load sec- 
ondary to outflow tract obstruction. The compromise in left 
ventricular function could be explained by the fibrosis or 
alteration f the interventricular septum due to the presence 
of a prosthetic patch (21) and early right ventricular dysfunc- 
tion, with additional contribution From aging. 
Conelusions. Our follow-up study of ticlults with intracar- 
diac repair of tetralogy ofFallot in childhood indicates that 
these patients do well in the long term and have an extremely 
IOW attrition rate. In addition, exercise tolerance r mains 
excellent and ventricular arrhythmias ppear very infre- 
quently on serial follow-up examination ver a significant 
period of time. These encouraging outcomes may be related 
to natural selection of survivors by this age and t0 a 
management policy of careful follow-up and aggressive 
correction of residual hemodynamic abnormalities. How- 
ever, kfl ventricuku f nction may show signs of mild deterio- 
ration with time. Although t ere is no evidence todate that he 
decreased function has an impact on subsequent mortality or 
morbidity, it warrants further close observation. 
We conclude that adult patients whose condition is oth- 
erwise stable 0ver time should continue to IYe carefully 
followed up after total repalr of tetralogy ofFallot and can be 
expected todo well. In those with hemody~am~c abnor 
ities, the condition should be identified and corrected wher- 
ever possible. 
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